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DESCRIPTION 



SIGNAL PROCESSOR FOR CORRECTING AND DETECTING ERRORS 

5 TECHNICAL FIELD 

The present invention relates to a signal processor for detecting and 
correcting errors in data read from a recording medium. 

BACKGROUND ART 
10 In recent years, high quality and high speed are demanded of a DVD- 

ROM, which has become widespread as a digital memory, to increase the 
reliability of data read from a DVD disk. With the demand, a signal processor 
for correcting errors in the disk is required to have rapid processing means, and 
it is aimed at realization of high-speed data processing. 
15 A conventional CD-ROM signal processor performs error correction by a 

predetermined number of times. Further, the CD-ROM signal processor writes 
inputted data in a buffer memory and, simultaneously, detects errors in the data 
by using CRC (Cyclic Redundancy Check). Based on the result of CRC, when 
the data is decided as "error-free data", the signal processor reduces the 
20 predetermined number of error corrections. 

In the case of DVD-ROM data, however, since inputted data is not 
previously subjected to error correction in contrast to the CD-ROM data, the 
error rate is higher in the DVD-ROM data than in the CD-ROM data. 
Therefore, when the DVD-ROM data is subjected to CRC, the result of CRC is, 
25 in most cases, that there are errors in the DVD-ROM data. 
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Figure 6 is a block diagram illustrating the structure of a conventional 
DVD-ROM signal processor. 

In Figure 6, a DVD-ROM signal processor 65 receives DVD-ROM 
digital signal data (hereinafter referred to as "data") which is read by an optical 
5 pickup 61, and outputs the data after error correction to a host computer 63. 
The DVD-ROM signal processor 65 is under control of a control microcomputer 
62, and is connected with a buffer memory 64 which stores data. 

To be specific, the DVD-ROM signal processor 65 is provided with an 
FMT block 651 for capturing the DVD-ROM data outputted from the optical 
10 pickup 61, and storing it in the buffer memory 64; an error correction block 652 
for correcting errors in the data stored in the buffer memory 64; a descrambling 
block 653 for descrambling the scrambled data; an error detection block 654 for 
detecting errors in the data after error correction, which data is stored in the 
buffer memory 64; a host interface block 655 for transmitting error- free data to 
15 the host computer, based on the result of the error detection by the error 
detection block 654; and a memory interface block 656 for controlling the 
processing between the DVD-ROM signal processor 65 and the buffer memory 
64. 

The operation of the conventional DVD-ROM signal processor so 
20 constructed will be described with reference to Figures 4 and 6. 

Figure 4 is a diagram illustrating the data format constituting one ECC 

block. 

As shown in Figure 4, the logical format of the DVD-ROM data 
outputted from the optical pickup 61 is constituted with 182^208 bytes as one 
25 ECC (Error Correcting Code) block. 
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First of all, the data read by the optical pickup 61 forms one component 
unit with 182 bytes as a CI code word. The CI code word is composed of 172 
bytes of user data and 10 bytes of CI parity. One ECC block is composed of 
plural CI code words and plural C2 code words, each C2 code word comprising 
5 208 bytes obtained by collecting one byte from each CI code word. Each C2 
code word is composed of 192 bytes of user data and 16 bytes of C2 parity. 
The DVD-ROM data has been scrambled in advance. 

In Figure 6, the FMT block 651 converts the DVD-ROM serial data 
outputted from the optical pickup 61 into parallel data (serial to parallel 

10 conversion), subjects the converted data to demodulation and sync detection, 
and writes the parallel data in the buffer memory 64 through the memory 
interface block 656. 

The error correction block 652 reads the DVD-ROM data written in the 
buffer memory 64, through the memory interface block 656, performs syndrome 

15 calculation on the CI code words and the C2 code words shown in Figure 4, and 
calculates the error position and the error pattern by using the result of the 
syndrome calculation. Based on the result of the syndrome calculation, the 
error correction block 652 terminates the error correction when the data has no 
error. However, when the data has some error, the error correction block 652 

20 reads the error data stored in the buffer memory 64, through the memory 
interface block 656, performs error correction on the error data, and writes the 
corrected data over the address of the error data stored in the buffer memory 64, 
through the memory interface block 656. 

The descrambling block 653 reads the DVD-ROM data which has been 

25 subjected to error correction and is stored in the buffer memory 64, through the 
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memory interface block 656, descrambles the data according to a predetermined 
method, and writes the data in the buffer memory 64 through the memory 
interface block 656. 

The error detection block 654 reads the DVD-ROM data which has been 
5 descrambled and is stored in the buffer memory 64 5 through the memory 
interface block 656, and detects errors in the read data by performing a 
predetermined calculation. 

The host interface block 655 transmits, to the host computer 63, the 
DVD-ROM data which has been decided as "error-free data" in both of the error 
10 correction block 652 and the error detection block 654. 

Each of the above-mentioned blocks is constructed so as to operate at a 
predetermined timing according to an instruction from the control 
microcomputer 62. 

In the conventional DVD-ROM signal processor, however, when the 
15 DVD-ROM data is subjected to error correction, the following operations are 
performed on the buffer memory 64: writing of data from the FMT block 651, 
reading and writing of data from the error correction block 652, reading and 
writing of data from the descrambling block 653, reading of data from the error 
detection block 654, and reading of data from the host interface block 655. 
20 That is, since reading and writing of data are performed frequently through the 
buffer memory 64, the memory band width is pressed and, therefore, the signal 
processor cannot perform high-speed access and higher-speed data processing. 

The present invention is made to solve the above-described problem, and 
it is an object of the present invention to provide a signal processor which can 
25 reduce the number of memory accesses by reducing the number of error 
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corrections, thereby realizing higher-speed data processing. 

SUMMARY OF THE INVENTION 

A signal processor according to a first aspect of the present invention is a 
5 signal processor for subjecting data read from a recording medium to 
predetermined digital signal processing, and subjecting the data, which has been 
subjected to the predetermined digital signal processing, to error correction for 
each predetermined error correction block. This signal processor comprises: 
memory means for sequentially storing the data which has been subjected to the 

10 predetermined digital signal processing; error correction means for subjecting 
the data, which has been subjected to the predetermined digital signal processing, 
to error correction for each predetermined error correction block; 
descrambling/error detection means for descrambling the data which has been 
subjected to the error correction, and detecting errors in the data after the 

15 descrambling; and control means for transmitting error- free data to a display 
unit when there is no error in the data which has been subjected to the error 
detection. 

In the signal processor so constructed, the number of data error 
corrections can be reduced, whereby reduced power consumption of the device 
20 itself can be achieved. Further, since the number of memory accesses to the 
memory means for error correction can be reduced, the access right to the 
memory means can be assigned to another block, whereby high-speed 
processing of the signal processor is realized. 

According to the present invention, in the signal processor described in 
25 the first aspect, the error correction means comprises: a syndrome calculator for 
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calculating a syndrome of the data which has been subjected to the 
predetermined digital signal processing; an error position/pattern calculator for 
calculating the error position and the error pattern after the syndrome 
calculation; error correction result holding means for holding information as to 
5 whether or not the data detected by the error position/pattern calculator is error- 
correctable; data correction means for correcting errors in the data on the basis 
of the result of the syndrome calculation; and number-of-error-correction control 
means for controlling the number of error corrections. 

In the signal processor so constructed, the time required for memory 

10 access to the memory means can be reduced by reducing the number of error 
corrections and, furthermore, speedup of data processing is achieved. 

According to the present invention, in the signal processor described in 
the first aspect, the descramb ling/error detection means comprises: descrambling 
means for descrambling the data which has been corrected by the error 

is correction means; error detection means for detecting errors in the descrambled 
data; and error detection result holding means for holding the result of the error 
detection as to whether there is any error in the data which has been subjected to 
the error detection. 

In the signal processor so constructed, based on the result of error 

20 detection, when there is no error, the data is transmitted to the host computer 
without performing error correction again, whereby the number of error 
corrections can be reduced. Accordingly, the power consumption of the device 
itself can be reduced. 

According to the present invention, in the signal processor described in 

25 the first aspect, the data subjected to the predetermined digital signal processing 
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is read from the memory means for each predetermined error correction block, 
followed by error detection and error correction; when there is some error, the 
error is corrected by the error correction means for each predetermined error 
correction block; when there is no error, the data is transmitted to the display 
5 means for each predetermined error correction block. 

In the signal processor so constructed, the time required for memory 
access to the memory means can be reduced by terminating the second and more 
error corrections or reducing the number of error corrections for the data in each 
predetermined error correction block stored in the memory means, and further 
10 high-speed transmission of the data to the host computer is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram illustrating the structure of a DVD-ROM 
signal processor according to a first embodiment of the present invention. 
15 Figure 2 is a block diagram illustrating the internal structure of an error 

correction block according to a second embodiment of the present invention. 

Figure 3 is a block diagram illustrating the internal structure of a 
descrambling/error detection block according to a third embodiment of the 
present invention. 

20 Figure 4 is a diagram illustrating the data format constituting one ECC 

block. 

Figure 5 is a timing chart of memory access in DVD-ROM signal 
processing according to a fourth embodiment. 

Figure 6 is a block diagram illustrating the structure of the conventional 
25 DVD-ROM signal processor. 
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BEST MODE TO EXECUTE THE INVENTION 
Embodiment 1. 

Figure 1 is a block diagram illustrating the structure of a DVD-ROM 
5 signal processor according to a first embodiment of the present invention. 

In Figure 1, a DVD-ROM signal processor 15 receives DVD-ROM 
digital signal data (hereinafter referred to as "data") which is read by an optical 
pickup 11, and outputs the data after error correction to a host computer 13. The 
DVD-ROM signal processor 15 is controlled by a control microprocessor 

10 (controller) 12, and the DVD-ROM signal processor 15 is connected to a cache 
memory 16 for storing the data and to a buffer memory 14 for storing the data 
stored in the cache memory 16. 

To be specific, the DVD-ROM signal processor 15 is provided with an 
FMT block 151 for capturing the DVD-ROM data outputted from the optical 

15 pickup 1 1; an error correction block 152 for correcting errors in the data stored 
in the cache memory 16 and the buffer memory 14; a descramb ling/error 
detection block 153 for descrambling the scrambled data, and detecting errors in 
the descrambled data; an error detection block 154 for detecting errors in the 
data which has been subjected to error correction and is stored in the buffer 

20 memory 14; a host interface block 155 for transmitting error- free data to the host 
computer 13, based on the result of error detection by the error detection block 
154; a memory interface block B 156 for controlling the processing between the 
DVD-ROM signal processor 15 and the buffer memory 14; and a memory 
interface block A 157 for controlling the processing between the DVD-ROM 

25 signal processor 15 and the cache memory 16. 
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The operation of the signal processor so constructed will be described 
with reference to Figures 1 and 4. 

Figure 4 is a diagram illustrating the data format constituting one ECC 

block. 

5 As shown in Figure 4, the logical format of the DVD-ROM data 

outputted from the optical pickup 11 is constituted with 182x208 bytes as one 
ECC block. 

First of all, the data read by the optical pickup 1 1 forms one component 
unit with 182 bytes as a CI code word. The CI code word is composed of 172 

io bytes of user data and 10 bytes of CI parity. One ECC block is composed of 
plural CI code words and plural C2 code words, each C2 code word having 208 
bytes obtained by collecting one byte from each CI code word. Each C2 code 
word is composed of 192 bytes of user data and 16 bytes of C2 parity. The 
DVD-ROM data has been scrambled in advance. 

is Initially, with reference to Figure 1, the DVD-ROM data outputted from 

the optical pickup 1 1 is converted from serial data to parallel data (serial to 
parallel conversion) by the FMT block 151. The parallel data are subjected to 
demodulation and sync detection, and one of the parallel data is written in the 
cache memory through the memory 16 interface block A 157. At the same 

20 time, another one of the parallel data is transmitted for each ECC block to the 
error correction block 152, wherein it is subjected to error correction. The data 
which has been subjected to error correction by the error correction block 152 is 
written in the cache memory 16 through the memory interface block A 157. 

Next, the data after error correction is read from the cache memory 16 

25 through the memory interface block A 157, and the scrambled data is subjected 
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to descrambling and error correction by the descrambling/error detection block 
153, and the data is transmitted to the buffer memory 14 through the memory 
interface block B 156. At this time, when the descrambling/error detection 
block 153 detects some error in the data, error correction is carried out again by 
5 the error correction block 1 52. 

The data which has been subjected to error correction by the error 
correction block 152 is inputted to the error detection block 154 through the 
buffer memory 14 and the memory interface block B 156 5 wherein error 
detection is carried out again. Based on the result of the error detection, only 

10 the data decided as "error- free data" is transmitted to the host computer 13 
through the host interface block 155. 

As described above, in the signal processor according to the first 
embodiment, the DVD-ROM data inputted to the signal processor is subjected to 
error detection and error correction for every ECC block. When the data has 

15 some error, the data is subjected to error correction for every ECC block. 
When the data has no error, the data is transmitted to the host computer 13 for 
every ECC block. Therefore, although in the conventional example error 
correction is carried out by a predetermined number of times, such wasteful 
correction work is avoided, and the number of error corrections is reduced. 

20 Accordingly, it is possible to reduce the power consumption of the device itself. 
Further, since the number of memory accesses to the buffer memory 14 for error 
correction is reduced, the access right to the buffer memory 14 can be assigned 
to another block, whereby speedup of the signal processor is realized. 
Embodiment 2. 

25 Figure 2 is a block diagram illustrating the internal structure of an error 
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correction block according to a second embodiment of the present invention. 

With reference to Figure 2, an error correction block 1 52 is provided with, 
a syndrome calculator 1521 for performing syndrome calculation; a scrambling 
circuit 1522 for scrambling descrambled data; an error position/pattern 
5 calculation block 1523 for calculating an error position in data and an error 
pattern on the basis of the result from the syndrome calculator 1521, and 
detecting data having uncorrectable errors (hereinafter referred to as "error 
uncorrectable data"); an error correction result holding circuit 1524 for holding 
information as to whether there is error uncorrectable data or not, which is 

io detected in the error position/pattern calculation block 1523; data correction 
circuit 1525 for correcting errors in the data according to the error position and 
the error pattern calculated from the syndrome by the error position/pattern 
calculation block 1523; and a number-of-error-correction control circuit 1526 
for controlling the number of error corrections. 

15 The operation of the error correction block so constructed will be 

described with reference to Figure 2. 

Initially, in the above-described first embodiment, the DVD-ROM data 
transmitted to the error correction block 152 is inputted to the syndrome 
calculator 1521 for each ECC block, wherein the data is subjected to syndrome 

20 calculation. At this time, if there is some error at the point of time when 182 
bytes of data equivalent to the CI code word have been inputted, the result of 
the syndrome calculation is transmitted to the error position/pattern calculation 
block 1523, wherein the error position and the error pattern are calculated. 

In the error position/pattern calculation block 1523, it is detected whether 

25 or not there is any uncorrectable error, and the information about the presence or 
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absence of uncorrectable error is stored in the error correction result holding 
circuit 1524. The information about the presence or absence of uncorrectable 
error, which is stored in the error correction result holding circuit 1524, is output 
to the number-of-error-correction control circuit 1526. 
5 On the other hand, the information about the error position and the error 

pattern calculated in the error position/pattern calculation block 1523 is 
transmitted to the data correction circuit 1525. The data correction circuit 1525 
reads the data stored in the address indicated by the error position from the 
cache memory 16 through the memory interface block A 157, and performs 

10 error correction by using the error position and the error pattern calculated by 
the error position/pattern calculation block 1523. The data which has been 
subjected to error correction by the data correction circuit 1525 is written in the 
address indicating the error position which is stored in the cache memory, 
through the memory interface block A 157. 

15 The data which has been subjected to the first error correction in this way 

is subjected to error detection in the descrambling/error detection block 153, and 
transmitted to the buffer memory 14 through the memory interface block B 156. 
At this time, when some error is detected in the descrambling/error detection 
block 153, error correction is again carried out in the error correction block 152. 

20 Hereinafter, this process will be described in more detail. 

In Figure 2, the number-of-error-correction control circuit 1526 decides 
whether there is any error in the data stored in the buffer memory 14, on the 
basis of the information from the error correction result holding circuit 1 524 and 
the descrambling/error detection block 153 shown in Figure 1. Based on the 

25 result of the detection, when there is no error, the number-of-error-correction 
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control circuit 1526 outputs the status of "free from error" to the control 
microcomputer 12. However, when there is some error in the data stored in the 
buffer memory 14 5 the number-of-error-correction control circuit 1526 outputs 
the status of "error" to the control microcomputer 12, and the syndrome 
5 calculator 1521 performs syndrome calculation again. 

The syndrome calculator 1521 reads the data with the error stored in the 
buffer memory 14, through the memory interface block B 156. The read data 
is initially subjected to scrambling by the scrambling circuit 1522, and then 
converted to the data that can be subjected to syndrome calculation. The 

io converted data is inputted to the syndrome calculator 1521 for each ECC block, 
and subjected to syndrome calculation. If there is some error at the point of 
time when 182 bytes of data equivalent to the CI code word or 208 bytes of data 
equivalent to the C2 code word have been inputted, the result of the syndrome 
calculation is transmitted to the error position/pattern calculation block 1523, 

15 wherein the error position and the error pattern are calculated. 

Next, the information about the calculated error position and error pattern 
is transmitted to the data correction circuit 1525. The data correction circuit 
1525 reads the data in the address indicating the error position from the buffer 
memory 14 through the memory interface block B 156, and performs error 

20 correction by using the error position and the error pattern calculated by the 
error position/pattern calculation block 1523. Then, the data which have been 
subjected to error correction in the data error correction circuit 1525 is written in 
the address indicating the error position of the data stored in the buffer memory 
14, through the memory interface block B 156. 

25 As described above, in the signal processor according to the second 
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embodiment, syndrome calculation is performed on the data of each ECC block 
unit, which is inputted to the error correction block 152, and then error 
correction is performed on the data of each ECC block unit according to the 
result of the calculation. Therefore, the number of error corrections can be 
5 reduced and, furthermore, the number of memory accesses to the memory means 
can be reduced. Accordingly, high-speed data processing can be achieved. 
Embodiment 3. 

Figure 3 is a block diagram illustrating the internal structure of a 
descrambling/error detection block according to a third embodiment of the 
10 present invention. 

In Figure 3, a descrambling/error detection block 153 is provided with a 
descrambling circuit 1531 for descrambling scrambled data; an error detection 
circuit 1532 for detecting errors in the descrambled data; and an error detection 
result holding circuit 1533 for holding the result of error detection (presence or 
15 absence of error) by the error detection circuit 1532. 

The operation of the descrambling/error detection block so constructed 
will be described with reference to Figure 3. 

Initially, the data which has been subjected to error correction in the error 
correction block 152 is inputted to the descrambling circuit 1531 from the cache 
20 memory 16 through the memory interface block A 157, and the data is 
descrambled according to a predetermined method. The descrambled data is 
transmitted to the error detection circuit 1532, wherein errors in the data are 
detected by a predetermined calculation. The data after the error detection is 
transmitted to the buffer memory 14 through the memory interface block B 156. 
25 Further, information about the result of the error detection by the error detection 
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circuit 1532 is latched in the error detection result holding circuit 1533, and then 
outputted to the number-of-error-correction control circuit 1 526 (see Figure 2) in 
the error correction block 152. 

As described above, in the signal processor according to the third 
5 embodiment, the inputted data is descrambled and then subjected to error 
detection. Based on the result of the error detection, when there is no error, the 
data is transmitted to the host computer without performing data correction 
again. Therefore, the number of error corrections can be reduced, resulting in 
reduced power consumption of the signal processor. 
10 Embodiment 4. 

Figure 5 is a timing chart of memory access of a DVD-ROM signal 
processor according to a fourth embodiment of the present invention. 

First of all, each of codes shown in Figure 5 will be described. 

N~N+3 denote block numbers of blocks when the data inputted to the 
15 DVD-ROM signal processor is subjected to error correction for each ECC block. 

Process 1 denotes the process from when the data inputted to the DVD- 
ROM signal processor is inputted to the cache memory 16 and the error 
correction block 152 through the FMT block 151 to when the first error 
correction is carried out. 
20 Process 2 denotes the process of performing the second and further error 

correction in the error correction block 152 when the data has some error in 
Process 1. 

Process 3 denotes the process of transmitting error-free data to the host 
computer 13 through the host interface block 155 when the data has no error. 
25 The operation of the DVD-ROM signal processor so constructed will be 
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described with respect to the timing of memory access, with reference to Figure 
5. 

In Figure 5, for example, the data corresponding to the Nth, (N+2)th, and 
(N+3)th blocks are constituted by the error- free or error correctable CI code 
5 word while the data corresponding to the (N+l)th block includes the error 
uncorrectable CI code word. 

Initially, with respect to the data in the Nth, (N+2)th, and (N+3)th blocks, 
these data having no errors at the point of time when Process 1 is ended are 
stored in the buffer memory 14. In this case, Process 1 is not followed by 
io Process 2 but followed by Process 3 wherein the error-free data are transmitted 
for each ECC block to the host computer 13. 

On the other hand, with respect to the data in the (N+l)th block, since 
this data has an error at the point of time when Process 1 is ended, Process 1 is 
followed by Process 2 wherein the error data is corrected. Those blocks 
15 containing the data which are finally decided as "error-free error" are transmitted 
to the host computer 13 in Process 3. 

As described above, according to the signal processor of this fourth 
embodiment, the DVD-ROM data inputted to the signal processor is processed 
for every ECC block from when capture of the data is started to when the data is 
20 transmitted to the host computer 13. Therefore, in the case where Process 1 is 
performed on the data corresponding to one ECC block and then Process 3 is 
performed without performing Process 2 because there is no error, the access 
time inside the signal processor can be reduced by one ECC block. 
Accordingly, high-speed transmission of the data to the host computer 13 is 
25 realized. 
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APPLICABILITY IN INDISTORY 

As described above, the signal processor according to the present invention can 
reduce the number of memory accesses by reducing the number of error 
corrections to process data at higher speed. Especially, it is suitable as a signal 
processor for which high speed is demanded, such as a DVD-ROM. 



